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592a Wednesday, March 9, 2011Interestingly, despite full triad targeting, b3 was unable to restore considerable
charge movement (Qmax, 2.53 5 0.50 nC/mF) in contrast to the other b iso-
forms (Qmax, 8.865 0.93 to 9.945 2.06 nC/mF) upon expression in relaxed
myotubes. Systematic exchanges of variable regions and conserved domains
of b1a with corresponding b3 sequences revealed significantly reduced Qmax
restoration with SH3 and C-terminal chimeras (Qmax, 4.02 5 0.28 and
5.57 5 0.74 nC/mF, respectively). In contrast, b1a/b3 chimeras with the
N-terminus, HOOK and GK domain exchanged showed complete restoration
of charge movement.
Together, our data suggest an essential role of the conserved SH3 domain and
the variable C-terminus of b1a in the induction of the voltage-sensing function
of the DHPRa1S in skeletal muscle EC coupling.
Grants: FWF-DK-W1101-B12, FWF-P23299-B09
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Troponin T3 Regulates Calcium Channel Beta1a Subunit Nuclear Trans-
location in Skeletal Muscle
Tan Zhang, Jackson Taylor, Zhongmin Wang, Osvaldo Delbono.
Voltage-dependent calcium channel (VDCC) beta subunits (CaVb) are criti-
cal for CaVa subunit membrane expression and gating properties. While
CaVb interacts with a variety of other molecular partners, nonchannel func-
tions of skeletal muscle CaVb1a have not been reported. In a yeast two hybrid
(Y2H) screening of the mouse tibialis anterior (TA) muscle cDNA library,
troponin T3 (TNNT3), specific to fast skeletal muscle, was identified using
full-length CaVb1a as the bait. Further studies revealed that TNNT3, but
not the slow skeletal muscle TNNT1, co-immunoprecipitated with CaVb1a
in the mouse skeletal muscle cell line C2C12 and mouse skeletal muscle.
Consistently, both CaVb1a and TNNT3 were highly expressed in mouse
fast, but not slow, skeletal muscle. Surprisingly, when DsRed-tagged
TNNT3 and YFP tagged CaVb1a (CaVb1a -YFP) were transiently co-
expressed in C2C12 cells or the mouse flexor digitorum brevis (FDB) muscle,
both showed a punctuate distribution pattern in the cytoplasm and nucleus. In
comparison, CaVb1a-YFP alone localized uniformly in the cytoplasm. Fur-
ther truncation analysis revealed that TNNT3 C-terminus (aa 161-244) local-
ized exclusively in FDB nuclei and enriched CaVb1a -YFP accordingly. In
contrast, the TNNT3 middle region (aa 55-160) localized only in the cyto-
plasm, while the N-terminus (aa 1-54) was found in both cytoplasm and nu-
cleus. Note that the N-terminus could also recruit CaVb1a-YFP in the
nucleus. Y2H assay verified that the TNNT3 C-terminus has the strongest in-
teraction with CaVb1a. Immunoblotting with an antibody targeting the
TNNT3 N-terminus detected an increased TNNT3 fragment in the aging
mouse skeletal muscle. We conclude that TNNT3 interacts with CaVb1a
and regulates its nuclear translocation mainly through its TNNT3 C- or N-ter-
minus. These findings strongly support a transcription-regulation function for
CaVb1a and TNNT3.
3201-Pos Board B306
ATP Sensitivity and IP3-Dependent Calcium Transients Which Regulate
Gene Expression in Adult Muscle Fibers are Altered in Mdx Mice
Denisse Valladares, Mariana Casas, Reinaldo Figueroa, Alejandro Leyton,
Sonja Buvinic, Enrique Jaimovich.
ATP has been shown to be released from muscles during exercise and after te-
tanic electrical stimulation (ES) and induces IP3 dependent slow calcium tran-
sients involved in gene expression in myotubes. The aim of this study was to
characterize these signals in adult fibers and to establish differences between
normal and mdx mouse.
Experiments were performed in cultured isolated muscle fibers obtained from
normal and mdx adult mice. The release of ATP induced by ES was measured
using luciferin-luciferase and for calcium release studies the fibers were loaded
with fluo-3. The location and expression of the nucleotide receptors were deter-
mined by immunofluorescence and western blot.
Slow, post tetanic calcium signals were partly inhibited by pharmacological agents
targetingpannexin-1 (apathway forATP release), purinergic receptors and extracel-
lular ATP. These signals had slower decay constants in mdx fibers. ES induced sig-
nificant ATP release in normal fibers but this releasewas not detected inmdx fibers.
The cellular location of ATP receptors was similar in both fiber types but their level
of expression was higher in mdx fibers. Pannexin-1 expression was significantly
augmented in mdx fibers. External ATP induced Ca2þ signals in both, normal
and mdx muscle fibers, but the sensitivity to ATP was much higher in mdx fibers.
This study demonstrates that ATP signaling is profoundly altered in mdx fibers
and could be implicated in the calcium disturbance described in DMD; a com-
pensatory mechanism may be involved in the reduced ATP extrusion apparent
in dystrophic cells.
FONDAP 15010006, AFM 14562, FONDECYT 1080120, CONICYT PhD
fellowship (DV)3202-Pos Board B307
The Role of Ryanodine Receptor Phosphorylation in Skeletal Muscle
Excitation-Contraction Coupling
Matthew J. Betzenhauser, Daniel C. Andersson, Steven Reiken,
Andrew R. Marks.
Activation of the type 1 ryanodine receptor (RyR1) during skeletal muscle
excitation-contraction (EC) coupling allows the release of stored Ca2þ required
for muscle contraction. While RyR1 is a well-known substrate of protein kinase
A (PKA), the physiological significance of this phosphorylation event is poorly
defined. PKA is known to increase the open probability of the channel in lipid
bilayers by inducing phosphorylation of a specific residue (S2844). Knock-in
mice harboring phosphorylation site deficient (RyR1-S2844A) and phosphomi-
metic (RyR1-S2844D) mutations were generated in order to probe the conse-
quence of this phosphorylation event in skeletal muscle EC coupling.
Specific force measurements were performed on extensor digitorum longus
(EDL) muscles and intracellular Ca2þ release was examined in isolated flexor
digitorum brevis (FDB) muscle fibers using confocal microscopy. While iso-
proterenol (ISO) enhanced both Ca2þ release and muscle force in wild type
(WT) mice, the positive effects of ISO were abrogated in samples from
RyR1-S2844A mice. This demonstrates the enhancing effects of RyR1 phos-
phorylation during adrenergic stimulation in skeletal muscle. While transient
phosphorylation of RyR1 exerts positive effects, chronic phosphorylation, as
occurs in animal heart failure models, is thought to be detrimental to muscle
function. We tested this hypothesis by measuring muscle force production
and intracellular Ca2þ in RyR1-S2844D mice. At 3-months of age, muscle
function and Ca2þ release were similar to WT controls. However, muscle force
production and intracellular Ca2þ release were both blunted by 6-months of age
suggesting that a pathological Ca2þ leak induced by the S2844D mutation im-
pairs muscle function.
3203-Pos Board B308
Nox2 Dependent Modulation of Skeletal Muscle EC Coupling
George G. Rodney, Guoli Shi.
Generation of reactive oxygen species (ROS) under physiological conditions is
required for normal force production in skeletal muscle. However, high levels
of ROS promote contractile dysfunction, resulting in muscle weakness and fa-
tigue. Our recent studies suggest that sub-cellular site-specific ROS production
governs the beneficial vs. damaging effects of ROS. NADPH oxidase (Nox2)
is an enzyme complex that generates ROS. In this study we investigated the
role of Nox2 in skeletal muscle EC coupling. Using sub-cellular site-specific re-
dox probes we show that cytosolic glutathione redox potential becomes more ox-
idized during contractile activity while mitochondrial redox potential does not
change. We show that increased contractile activity promotes Nox2 dependent
ROS production. Interestingly, we have found that the non-tyrosine kinase Src
is activated in response to increased contractile activity. These data support a hy-
pothesis in which Src acts as a redox switch to activate Nox2. Increased ROS pro-
duction during strenuous exercise would decrease sarcolemmal Ca2þ influx and
decrease sarcoplasmic reticulum refilling, which could contribute to the develop-
ment of fatigue. As trials of general antioxidant therapy to combat increased ROS
production have not been convincingly beneficial, understanding the sub-cellular
signaling pathways by which oxidants influence muscle function will allow for
the development of targeted therapeutic interventions to combat the deleterious
effects of sustained contractile activity as well as skeletal muscle diseases.
3204-Pos Board B309
Pathological RyR1 Mutations to Identify RyR1 Functional Domains
Marine Cacheux, Julien Faure´, Julie Brocard, Nicole Monnier, Joe¨l Lunardi,
Isabelle Marty.
Muscle contraction is achieved when an efficient excitation signal at the plasma
membrane triggers intracellular calcium release. This process called ‘‘excita-
tion-contraction (E-C) coupling’’ relies on a multimolecular protein complex,
the calcium release complex. This complex, spanning the plasma membrane
and the sarcoplasmic reticulum (SR), is organized around the calcium channel
of the SR, the ryanodine receptor (RyR1).
Mutations in RyR1 lead to a number of muscle diseases: Central core disease
(CCD), Multi mini core disease (MmD), centronuclear myopathy, Malignant hy-
perthermia¼ Nevertheless, the functional consequences of each mutation are
largely unknown because of the lack of information on the functional domains
in RyR1. For the present study, we use the mutations identified in RyR1 to de-
cipher functional regions in RyR1. We have identified more than 200 RyR1 mu-
tations in the course of clinical diagnosis. We have recently shown that RyR1
interacts with caveolin-3, via the transmembrane part of the channel (Vassilopou-
los et al, 2010, Biochemistry, 49, 6130). Caveolin-3, which is a structural
protein involved in intracellular trafficking, could therefore regulate RyR1 target-
ing. We are now searching for mutations in RyR1 which could affect the
Wednesday, March 9, 2011 593aRyR1/Caveolin-3 interaction, to analyze the functional consequences of the dis-
ruption of this interaction, and the possible origin of the pathology.
3205-Pos Board B310
Sarcoplasmic ReticulumCa2DRelease inMouseMuscle Fibers Expressing
Pathological Mutant Forms of the Type 1 Ryanodine Receptor
Romain Lefebvre, Claude Legrand, Estela Gonzalez-Rodriguez,
Linda Groom, Robert T. Dirksen, Vincent Jacquemond.
Mutations of the gene encoding type 1 ryanodine receptor (RyR1) are associ-
ated with susceptibility to malignant hyperthermia (SMH) and/or central core
disease (CCD). We used in vivo expression of EGFP-RyR1 DNA constructs
to study the function of pathological forms of RyR1 in fully differentiated mus-
cle fibers. The Y522S, R615C, R2163H and I4897T mutant RyR1s were sepa-
rately expressed in mouse flexor digitorum brevis muscles, using plasmid
injection and electroporation. All EGFP-RyR1s were present within restricted
regions of the transfected fibers with a pattern consistent with triadic localiza-
tion. Confocal measurements of voltage-activated rhod-2 Ca2þ transients dem-
onstrated spatially confined alterations of SR Ca2þ release closely correlated
with the presence of the mutant channels; in fiber regions expressing Y522S-
RyR1 channels, Ca2þ release was specifically enhanced at low and moderate
levels of depolarization: for instance peak Ca2þ release in response to pulses
from 80 to 30 mV and 10 mV was 3.05 0.6 and 1.55 0.3 (n=9) times
larger in the Y522S-positive fiber regions than in adjacent negative ones, re-
spectively. When expressing wild-type EGFP-RyR1s, the corresponding ratio
value was 0.86 5 0.1 (n=9) at the two same voltages. Results similar to the
ones with Y522S were observed with R615C and R2163H RyR1s. Conversely,
expression of I4897T-RyR1s tended to be associated with a reduced SR Ca2þ
release: for instance peak value at10 mVwas depressed by 455 10 % (n=6).
Results are thus consistent with an inherent increased sensitivity to activation
by the voltage sensor of SMH-associated RyR1 mutant channels and an inher-
ent functional failure of the CCD-associated I4897T ones. Overall, the present
strategy proves to be highly effective to reveal the dysfunction of SR Ca2þ re-
lease due to mutant-RyR1s in differentiated muscle fibers.
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Modulation of Sarcoplasmic Reticulum Ca2D Release by
Phosphatidylinositol-Phosphate Lipids in Isolated Mouse Skeletal Muscle
Fibers
Estela Gonzalez-Rodriguez, Romain Lefebvre, Karine Poulard,
Claude Legrand, Anna Buj-Bello, Vincent Jacquemond.
Previous results from ryanodine binding and single ryanodine receptor (RyR)
channel measurements suggested that RyR1 activity may be modulated by
phosphatidylinositol-phosphate lipids (PtdInsPs). Possibly related, recent data
showed that skeletal muscle e-c coupling is altered in several models of PtdInsPs
phosphatase deficiency.Wemeasured intracellular Ca2þ in fibers from flexor dig-
itorum brevis (fdb)muscles microinjected with a solution containing a given
PtdInsP lipid (PtdIns(3,5)P2, PtdIns(3)P, PtdIns(5)P or PtdIns) together with the
calcium dye indo-1. Following equilibration, fibers were stimulated by short
voltage-clamp depolarizations of increasing amplitude from 80mV. Resting
[Ca2þ] did not differ between control fibers and any group of PtdInsPs-injected fi-
bers; it was though ~1.5 larger in fibers injected with PtdIns(3,5)P2 or PtdIns(3)P
than in fibers injectedwith PtdIns(5)P or PtdIns. Peak SRCa2þ releasewas specif-
ically depressed infibers injectedwith PtdIns(3,5)P2 or PtdIns(3)Pwithmaximum
values of 34.85 3 mM.ms1 in control fibers (n=15) and of 24.45 2 and 17.45
2 mM.ms1 in fibers injected with PtdIns(3,5)P2 (n=8) and PtdIns(3)P (n=8), re-
spectively.Therewasnoconcurrent effecton themembrane currentmeasureddur-
ing the pulses and the voltage dependence of Ca2þ release inactivation was also
unaffected. These results highlight the possibility that SR Ca2þ release may be
physiologically regulated by certain PtdInsPs. A plasmid coding for a wild-type
form of the PtdIns phosphatase MTM1 tagged with the red fluorescent protein
mCherrywas transfected in fdbmuscles. The protein was found distributedwithin
the entire volumeof the transfectedfibers and to reproduciblyyield a striated trans-
versal expression pattern consistent with localization within the triadic area. Pre-
liminary measurements of voltage-activated Ca2þ transients in these cells
indicated that under these conditions over-expression of MTM1 had limited ef-
fects on SR Ca2þ release.
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Culture Methods and Initial Characterization of Calcium Homeostasis in
Intercostal Skeletal Fibers Isolated from the Adult Mouse
Patrick Robison, Erick O. Herna´ndez-Ochoa, Martin F. Schneider.
Primary cultures of single adult skeletal muscle fibers dissociated from loco-
motor muscles adhered to glass coverslips are routine models which allow
monitoring of functional processes in living cultured fibers under controlled
conditions. To date, such isolated fiber cultures have not been establishedfor respiratory muscles, despite the critical function of these muscles and their
role in mortality of many muscular diseases. We have developed an adherent
culture system for single adult intercostal muscle fibers from the adult mouse.
This system allows for monitoring functional properties of these living mus-
cle fibers in culture exposed to various conditions (pharmacological agents,
electrical field stimulation to drive muscle fiber contraction, etc.). We also
provide initial characterization and demonstrate several common electro-
physiological, Ca2þ imaging techniques and over-expression of foreign fluo-
rescent fusion proteins in this new model system with comparisons to the
established Flexor Digitorum Brevis muscle primary culture model. Sup-
ported by NIH-NIAMS Grants R01-AR055099, R01-AR056477 and T32-
AR007592.
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Muscle Performance and Electrically Evoked Ca2D Release are Compro-
mised in Calsequestrin-1 Null Mice
Rotimi Olojo, Erick O. Herna´ndez-Ochoa, Paul D. Allen,
Martin F. Schneider, Christopher W. Ward.
In skeletal muscle the sarcoplasmic reticulum (SR) Ca2þ release channels
(i.e., ryanodine receptor; RyR1) are critical determinants of contractile fila-
ment activation. Recent evidence suggests that several SR proteins may mod-
ulate RyR dependent SR Ca2þ release and thus could alter overall function.
Recent attention has been focused on the SR luminal protein calsequestrin
(Casq) as a SR Ca2þ buffer as well as its potential role in modulating the
RyR1, the DHPR and other sarcolemmal channels. In our current work, we
tested the hypothesis that mice null for Casq1 will have functional impairments
reflecting the role of Casq1 in fast type skeletal muscle. Here we examined
functional measures of overall muscle performance in vivo and of fast muscle
in vitro, and identified significant deficits in functional performance that indi-
cate an inability to sustain repetitive contractile activation. We then used mea-
sures of voltage dependent SR Ca2þ release and SR Ca2þ release flux in
single fast type skeletal muscle fibers. Here we demonstrate a decrease in volt-
age dependent RyR Ca2þ release with single action potentials and a collapse
of the Ca2þ release with repetitive trains of pulses. Finally in single voltage
clamped muscle fibers we show that SR Ca2þ release flux as well as total
SR Ca2þ release is markedly reduced in the Casq1 null myofibers. The voltage
dependence of the Ca2þ release flux was not shifted but showed about 50%
decrease in the maximum peak Ca2þ release flux in the Casq1 null fibers
when compared to the WT counterpart. Taken together we have revealed
that the genetic depletion of Casq1 results in significant deficits in contractile
activation consistent with alterations in SR Ca2þ release. Supported by RC2
NR011968, R01-AR055099, and T32- AR007592.
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Measurementof Intra-SR [Ca2D]RevealsChanges inSRCa2DPermeability
During Intracellular Ca2D Release in Skeletal Muscle
Monika Sztretye, Jianxun Yi, Leandro Royer, Jingsong Zhou,
Lourdes Figueroa, Paul D. Allen, Eduardo Rios.
In skeletal muscle, Ca2þ release from the SR is under strong regulation. While
this regulation has well known Ca2þ-dependent components acting from the
cytosolic side of the channels (CICR and CDI), putative effects of luminal cal-
cium are not well defined. Combining imaging of [Ca2þ]SR by the cameleon
D4cpV targeted with calsequestrin 1 or its Ca2þ-impaired variant ‘‘Delta-
Asp’’, with measurements of cytosolic [Ca2þ] (X-rhod 1) in single mouse
FDB fibers, we directly monitored the evolution of Ca2þ permeability (P) of
the SR membrane during long-lasting voltage clamp depolarizations. These de-
polarizations were intended to both elicit the release response and substantially
deplete the SR of calcium, so that P could be evaluated as the SR calcium de-
creased. Against our expectations (Royer 2007; 2010) P was found to decrease
significantly during depolarization. Consequently, depletion was never com-
plete, and [Ca2þ]SR reached on average 40% of the resting content after long
pulses. This gating effect of depletion is similar to that which in cardiomyo-
cytes is believed to terminate Ca2þ release and be associated with the presence
of calsequestrin. Similar measurements in cells from casq1-null mice showed
instead > 90% depletion during long-lasting pulses. Permeability remained es-
sentially constant, at a high value, for the duration of the pulses. This was con-
firmed under various compositions of cytosolic and external solutions, with
different calsequestrin-derived targeting sequences and widely varying biosen-
sor expression densities. An inhibitory effect on Ca2þ release is evidently lost
in the casq1-null mouse. Whether this reflects allosteric gating by calsequestrin
remains to be established. The observation goes a long way towards explaining
the modest effect of calsequestrin KO in the maximal amount of SR calcium
that can be released by depolarization (Royer, 2010).
Funded by NIAMS (NIH) and MDA.
